Annotation. In this paper the experimental results of newly developed cutting inserts with special geometry and position for machining of hardened surfaces are summarized. The design of the tool holder and cutting insert allows the increase of the applied feed values in hard turning. Experiments are carried out at increased feed in bore turning procedure and the results are compared with the nowadays used conventional turning technology.
INTRODUCTION
The expected functions of mechanical engineering products (like long lifetime and high reliability) and the rising quality demands for goods requires the application of more accurate machining procedures with higher productivity. From these, great emphasis is placed especially on finish machining, since this operation is essential for the realization of the prescribed quality standard of the finished manufactured part. One way to increase the lifetime is the production of hardened surfaces with proper heat treatment and machining with a suitable finishing procedure. As a result, the parts can be loaded more and can be used longer.
Abrasive (mainly grinding) procedures have been used for a long time for the machining of hardened surfaces, as the chosen accuracy could be achieved efficiently only with grinding technology. For the precision finish machining of parts with mainly hardened surfaces, nowadays many kinds of defined-edged cutting tools are available in terms of cutting material grade and cutting edge geometry [1, 2] . The production of parts with hardened surfaces can be done properly on machine tools developed for hard turning with the expected accuracy for precision finishing (<IT5) [3, 4] . The increasingly diverse appearance of superhard cutting materials and their rapid spread support the application of them, while increasingly strict environmental standards force the machine industry to apply procedures with defined-edged cutting tools instead of (or in addition to) the abrasive operations, where possible [1, 4] Though grinding it is known to produce good surface quality, a much higher material removal rate (MRR) can be achieved with hard turning [5, 6] , while a properly chosen cutting insert can produce the same or better surface roughness.
A further advantage is that numerous operations can be done by hard turning with one setup and cutting tool. Example cases can be the machining of shaped parts and surface groups composed of multiple, differently oriented surfaces [7, 8] .
It was assumedbased on the nearly 4-5 times higher material removal performance of hard turningthat the grinding procedure can be excluded [7] . However, after the analysis of suitability for functional requirements of the built-in parts, it turned out that the produced topography (periodical) by hard turning is not appropriate for numerous applications, for example surfaces displacing on each other, sealing surfaces, etc. [5, 9] . Therefore, combined procedures have appeared, where the essence is to machine the surface with the two proceduresturning and grindingin one machine tool (earlier two separate machine were needed). In this way the advantages of the two procedure can be maintained while the disadvantageous attributes can be reduced. If we work on one machine tool with one clamping, we can acquire significant economic benefits [3] .
In this study combined finish machining is realized in one operation: roughing by hard turning and finishing by grinding. Our aim is to increase the efficiency of the final operation in such a way that the MRR is increased in the roughing by the usage of a novel cutting tool, which allows the application of higher secondary motion, and by the application of increased feed rates.
To achieve the acceptable quality in hard turning with the application of a novel cutting tool, one of the most important requirements must be taken into consideration: the proper rigidity of the machining mechanical system, mainly due to the high passive force [4] . Low deflection in the mechanical system is a preliminary condition to meet the required accuracy. Therefore, in this paper we study the increase rate of the cutting forces and the achievable geometric accuracy with the application of a new cutting insert.
EXPERIMENTAL CONDITIONS
Bore machining of gears is studied in the cutting experiments based on the boundary conditions of our industrial partner. After the heat treatment (case hardening), the finishing of the hard surface is done in one clamping but in two steps. The first step was carried out by rough hard turning, which is followed by the finish procedure, grinding. The aim is to exchange the roughing insert used so far by the introduction of the new eight-edged octagon insert.
In our study we applied two CBN cutting inserts (Table 1) during the rough hard turning. The standard tool used up to now (CNGA 120412, rhombic shape with 80° nose angle) is marked in our study as "Insert A", while the novel cutting tool [10] is marked as "Insert B". The edges of Insert B are curved, so the sides of the octagon consist of circle sections. The main property of Insert B is the 0° major cutting edge angle in the surface-generating point; however, the octagon insert is inclined by 45° in the cutting edge plane, which is the inclination angle of the tool (λs). The rake angle (γ) is 14°, while the nose radius (rε) of the cutting insert is 28 mm due to the curved edge. The bore turning was done on an EMAG VSC 400 DS type hard turning machine tool.
In our study the bore (38 mm length and 88 mm diameter) on a gear is machined. The workpiece material is 17CrNi6-6 with 62-64 HRC hardness.
Among the cutting parameters the depth of cut is constant 0.12 mm in all setups for both inserts. 175 m/min cutting speed and 0.24 mm feed are applied for Insert A, while nine pairs of values are determined within the cutting speedfeed rate range recommended by the insert manufacturer for Insert B (Figure 1 ).
Figure 1 -Demonstration of the setups during the experiments
The cylindrical and roundness errors are measured during the experiments. The required measurements in the specified points are done by a Taylor Hobson Talyrond 365 measurement device. FEM simulations are made with ThirdWave AdvantEdge 7.5 software for the analysis of the cutting force alteration. In this study, the cutting force components are studied for both inserts.
EXPERIMENTAL RESULTS
After the cutting experiments were carried out with the studied process parameters, the mentioned accuracy parameters (cylindricity and roundness) were measured. The FEM simulations were carried out with the same values for the analysis of the cutting forces. Lastly, we determined the machining times.
Cylindricity and Roundness errors
The accuracy errors were measured on all workpieces. For the cylindrical error we made measurements on 100 planes with 0.3 mm increment, and the following parameters were analysed [11]:
-CYLp: the peak maximum material departure from the fitted reference -CYLv: the valley maximum departure from the reference cylinder into the material of the workpiece -CYLt: the separation of two cylinders coaxial with the axis of the reference cylinder that just enclose the data -CYLtt: the maximum absolute difference in diameters of the taper error -Total run-out: the difference in the radial distances from the datum axis between the furthest and nearest point -Coaxiality (Coax): the displacement between the reference cylinder axis and the datum axis.
-Cone angle: reflects the taper angle in the component In Figure 2 some resulting diagrams are presented from the cylindricity measurements. The values for the 10 different setups are shown in Table 2 . Measurements are made at the two ends and at the middle plane of the analysed range and these values are averaged for the determination of the roundness parameters. The following parameters are evaluated [11]:
-RONp: maximum material departure from the fitted reference -RONv: maximum departure from the reference circle into the material -RONt: the separation of two circles concentric with the centre of the reference circle that just enclose the data -DFTC: Departure From True Circularity, the max. radial departure in the profile -Slope (Max/Mean): absolute value of dr/dφ (r: radial departure; φ: angle variable) at each profile points (max. and mean values are analysed)
Examples of the characteristic measurement diagrams are presented in Figure 3 , while the measurement results are shown in Table 3 . 
Alteration of the cutting forces
The cutting force analysis was carried out by Finite Element Method simulations with ThirdWave AdvantEdge 7.5 software. Resulting values of the following parameters are evaluated, summarized and shown in Table 4 : main cutting force (Fc), passive force (Fp), feed directional force (Ff), required power (Pc), cutting torque (M) and cutting temperature (T). 
DISCUSSION
Compared to the conventional Insert A (Figure 4) , the machining time for the new cutting tool decreased almost always (except for one value) with the chosen parameter pairs of the adjusted process parameters (where we increased the feed by 1.6-5 times and the cutting speed is varied in the range of 100-200 m/min). Therefore, from the point of view of productivity, the resulting values are more favourable than the current values in 8 of the 9 cases based on the time spent on machining. The rate of decline is more than 80% compared to the current machining time at the highest feed and cutting speed.
The following conclusions can be drawn after the analysis of the cylindricity and roundness errors. Practically, unfavourable values are measured in every case on the surfaces machined by the octagon insert. This phenomenon can be explained by the simulated cutting force values. In Table 4 the cutting forces are much higher for Insert B compared to the simulated force values for the rhombic Insert A. The increase of the cutting force components does not cause a problem up to a specified value, since we are analysing the rough machining. Until the allowance for the finish grinding is large enough to remove the accuracy errors from the previous procedure, then the prescribed accuracy parameters can be held. However, if the resultant accuracy error from the cutting force increase reaches a limit, the grinding allowance must be increased. In this case the machining time for grinding also increases, thus the calculated gain in time in Figure 4 decreases, or even turns into a loss. Figure 5 . Overall, we determine, that Setup 2 (+) should be avoided, because it increases the machining time in all circumstances. The grinding allowance must be increased for Setups 3, 4, 5, 8 and 9 (X). The removal of this added material increases the finish time, therefore these setups are not advised. Setups 1, 6 and 7 (O) can be used to replace the standard turning insert, since the accuracy error is lower than the material to be removed in grinding (0.05 mm). 
